Introduction {#Sec1}
============

The discovery of a scalar particle at the LHC \[[@CR1], [@CR2]\] has provided important insight into the mechanism of electroweak symmetry breaking. Experimental studies of the new particle \[[@CR3]--[@CR7]\] demonstrate consistency with the standard model (SM) Higgs boson \[[@CR8]--[@CR13]\]. However, it remains possible that the discovered particle is part of an extended scalar sector, a scenario that is favoured by a number of theoretical arguments \[[@CR14], [@CR15]\].

The minimal supersymmetric standard model (MSSM) \[[@CR16]--[@CR20]\] is the simplest extension of the SM that includes supersymmetry. The MSSM requires two Higgs doublets of opposite hypercharge. Assuming that CP symmetry is conserved, this results in one CP-odd (*A*) and two CP-even (*h*, *H*) neutral Higgs bosons and two charged Higgs bosons ($\documentclass[12pt]{minimal}
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                \begin{document}$$H^{\pm }$$\end{document}$). At tree level, the properties of the Higgs sector in the MSSM depend on only two non-SM parameters, which can be chosen to be the mass of the CP-odd Higgs boson, $\documentclass[12pt]{minimal}
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                \begin{document}$$m_A$$\end{document}$, and the ratio of the vacuum expectation values of the two doublets, $\documentclass[12pt]{minimal}
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                \begin{document}$$\tan \beta $$\end{document}$. Beyond tree level, additional parameters affect the Higgs sector, the choice of which defines various MSSM benchmark scenarios. In some scenarios, such as $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{h}^{\text {mod}+}$$\end{document}$ \[[@CR21]\], the top-squark mixing parameter is chosen such that the mass of the lightest CP-even Higgs boson, $\documentclass[12pt]{minimal}
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                \begin{document}$$m_h$$\end{document}$, is close to the measured mass of the Higgs boson that was discovered at the LHC. A different approach is employed in the hMSSM scenario \[[@CR22], [@CR23]\] in which the value of $\documentclass[12pt]{minimal}
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                \begin{document}$$m_h$$\end{document}$ can be used, with certain assumptions, to predict the remaining masses and couplings of the MSSM Higgs bosons without explicit reference to the soft supersymmetry-breaking parameters. The couplings of the MSSM heavy Higgs bosons to down-type fermions are enhanced with respect to the SM for large $\documentclass[12pt]{minimal}
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                \begin{document}$$\tan \beta $$\end{document}$ values, resulting in increased branching fractions to $\documentclass[12pt]{minimal}
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                \begin{document}$$\tau $$\end{document}$ leptons and *b*-quarks,[1](#Fn1){ref-type="fn"} as well as a higher cross section for Higgs boson production in association with *b*-quarks. This has motivated a variety of searches for a scalar boson in $\documentclass[12pt]{minimal}
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                \begin{document}$$\tau \tau $$\end{document}$ and *bb* final states at LEP \[[@CR24]\], the Tevatron \[[@CR25]--[@CR27]\] and the LHC \[[@CR28]--[@CR32]\].
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                \begin{document}$$Z^\prime $$\end{document}$ gauge bosons appear in several models \[[@CR33]--[@CR37]\] and are a common extension of the SM \[[@CR38]\]. Such $\documentclass[12pt]{minimal}
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                \begin{document}$$Z^\prime $$\end{document}$ bosons can appear in theories extending the electroweak gauge group, where lepton universality is typically conserved. A frequently used benchmark is the sequential standard model (SSM) \[[@CR39]\], which contains a single additional $\documentclass[12pt]{minimal}
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                \begin{document}$$Z^\prime $$\end{document}$ boson with the same couplings as the SM *Z* boson. Some models offering an explanation for the high mass of the top-quark, predict instead that such bosons couple preferentially to third-generation fermions \[[@CR40]--[@CR43]\]. A model predicting additional weak gauge bosons $\documentclass[12pt]{minimal}
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                \begin{document}$$W^\prime $$\end{document}$ coupling preferentially to third-generation fermions is the strong flavour model (SFM) \[[@CR41], [@CR43]\].Fig. 1Lowest-order Feynman diagrams for **a** gluon--gluon fusion and *b*-associated production in the **b** four-flavour and **c** five-flavour schemes of a neutral MSSM Higgs boson. Feynman diagram for Drell--Yan production of a $\documentclass[12pt]{minimal}
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                \begin{document}$$Z^\prime $$\end{document}$ boson at lowest order (**d**)

Direct searches for high-mass resonances decaying to $\documentclass[12pt]{minimal}
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                \begin{document}$$\tau \tau $$\end{document}$ have been performed by the ATLAS \[[@CR44]\] and CMS \[[@CR45]\] collaborations using 5 $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{fb}^{-1}$$\end{document}$ of integrated luminosity at $\documentclass[12pt]{minimal}
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                \begin{document}$$\sqrt{s}=7~~{\mathrm {TeV}}$$\end{document}$. ATLAS \[[@CR46]\] updated the search with 20 $\documentclass[12pt]{minimal}
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                \begin{document}$$\sqrt{s}=8~~{\mathrm {TeV}}$$\end{document}$. Indirect limits on $\documentclass[12pt]{minimal}
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                \begin{document}$$Z^\prime $$\end{document}$ bosons with non-universal flavour couplings have been set based on measurements from LEP \[[@CR47]\].

This paper presents the results of a search for neutral MSSM Higgs bosons as well as high-mass $\documentclass[12pt]{minimal}
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                \begin{document}$$\tau \tau $$\end{document}$ decay mode using 3.2 fb$\documentclass[12pt]{minimal}
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                \begin{document}$$^{-1}$$\end{document}$ of proton--proton collision data collected with the ATLAS detector \[[@CR48]\] in 2015 at a centre-of-mass energy of 13  $\documentclass[12pt]{minimal}
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                \begin{document}$${\mathrm {TeV}}$$\end{document}$. The search is performed for the $\documentclass[12pt]{minimal}
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                \begin{document}$$\tau _{\mathrm {lep}}\tau _{\mathrm {had}}$$\end{document}$ and $\documentclass[12pt]{minimal}
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                \begin{document}$$\tau _{\mathrm {had}}\tau _{\mathrm {had}}$$\end{document}$ decay modes, where $\documentclass[12pt]{minimal}
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                \begin{document}$$\tau _{\mathrm {lep}}$$\end{document}$ represents the decay of a $\documentclass[12pt]{minimal}
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                \begin{document}$$\tau $$\end{document}$ lepton to an electron or a muon and neutrinos and $\documentclass[12pt]{minimal}
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                \begin{document}$$\tau _{\mathrm {had}}$$\end{document}$ represents the decay to one or more hadrons and a neutrino. The search considers narrow resonances in the mass range of 0.2--1.2  $\documentclass[12pt]{minimal}
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                \begin{document}$$\tan \beta $$\end{document}$ range of 1--60 for the MSSM Higgs bosons. For the $\documentclass[12pt]{minimal}
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                \begin{document}$$Z^\prime $$\end{document}$ boson search, the mass range of 0.5--2.5  $\documentclass[12pt]{minimal}
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                \begin{document}$${\mathrm {TeV}}$$\end{document}$ is considered. Higgs boson production through gluon--gluon fusion and in association with *b*-quarks is considered (Fig. [1](#Fig1){ref-type="fig"}a--[1](#Fig1){ref-type="fig"}c), with the latter mode dominating for high $\documentclass[12pt]{minimal}
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                \begin{document}$$\tau _{\mathrm {had}}\tau _{\mathrm {had}}$$\end{document}$ channels are split into *b*-tag and *b*-veto categories, based on the presence or absence of jets originating from *b*-quarks in the final state. Since a $\documentclass[12pt]{minimal}
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                \begin{document}$$Z^\prime $$\end{document}$ boson is expected to be predominantly produced via a Drell--Yan process (Fig. [1](#Fig1){ref-type="fig"}d), there is little gain in splitting the data into *b*-tag and *b*-veto categories. Hence, the $\documentclass[12pt]{minimal}
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                \begin{document}$$Z^\prime $$\end{document}$ analysis uses an inclusive selection instead.

Data sample and Monte Carlo simulation {#Sec2}
======================================

The ATLAS detector \[[@CR48]\] at the LHC consists of an inner tracking detector with a coverage in pseudorapidity[2](#Fn2){ref-type="fn"} up to $\documentclass[12pt]{minimal}
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                \begin{document}$$|\eta |~=~2.5$$\end{document}$ surrounded by a thin superconducting solenoid providing a 2 T axial magnetic field, electromagnetic and hadronic calorimeters extending up to $\documentclass[12pt]{minimal}
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                \begin{document}$$|\eta |~=~4.9$$\end{document}$ and a muon spectrometer covering $\documentclass[12pt]{minimal}
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                \begin{document}$$|\eta |~<~2.7$$\end{document}$. A new innermost layer was added to the pixel tracking detector after the end Run-1 at a radial distance of 3.3 cm from the beam line \[[@CR49], [@CR50]\]. The ATLAS trigger system consists of a hardware-based first level trigger, followed by a software-based high-level trigger (HLT). The integrated luminosity used in this search, considering the data-taking periods of 2015 in which all relevant detector subsystems were operational, is 3.2 fb$\documentclass[12pt]{minimal}
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                \begin{document}$$^{-1}$$\end{document}$. The luminosity measurement and its uncertainty are derived following a methodology similar to that detailed in Ref. \[[@CR51]\], from a calibration of the luminosity scale using *x*--*y* beam-separation scans performed in August 2015.

Simulated events with a heavy neutral MSSM Higgs boson produced via gluon--gluon fusion and in association with *b*-quarks are generated with the POWHEG-BOX v2 \[[@CR52]--[@CR54]\] and MADGRAPH5_aMC\@NLO 2.1.2 \[[@CR55], [@CR56]\] programs, respectively. The CT10 \[[@CR57]\] and CT10nlo_nf4 \[[@CR58]\] sets of parton distribution functions (PDFs) are used, respectively. PYTHIA 8.210 \[[@CR59]\] with the AZNLO \[[@CR60]\] (A14 \[[@CR61]\]) set of tuned parameters, or "tune", is used for the parton shower, underlying event and hadronization in the gluon--gluon fusion (*b*-associated) production. The production cross sections for the various MSSM scenarios are calculated using SusHi \[[@CR62]\] for gluon fusion production \[[@CR63]--[@CR75]\] and *b*-associated production in the five-flavour scheme \[[@CR76]\]; *b*-associated production in the four-flavour scheme is calculated according to Refs. \[[@CR77], [@CR78]\]. The final *b*-associated production cross section is obtained by using the method in Ref. \[[@CR79]\] to match the four-flavour and five-flavour scheme cross sections. The masses and the couplings of the Higgs bosons are computed with FeynHiggs \[[@CR80]--[@CR84]\], whereas the branching fraction calculation follows the procedure described in Ref. \[[@CR85]\]. In the case of the hMSSM scenario, the procedure described in Ref. \[[@CR23]\] is followed for the production cross sections and HDECAY \[[@CR86]\] is used for the branching fraction calculation.
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                \begin{document}$$Z^\prime {}$$\end{document}$ signals are simulated by reweighting a leading-order (LO) $\documentclass[12pt]{minimal}
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                \begin{document}$$Z/\gamma ^{*}\rightarrow \tau \tau $$\end{document}$ sample using the TauSpinner algorithm \[[@CR87]--[@CR89]\] to account for spin effects in the $\documentclass[12pt]{minimal}
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                \begin{document}$$Z/\gamma ^{*}\rightarrow \tau \tau $$\end{document}$ sample, enriched with high invariant mass events, is generated with PYTHIA 8.165 \[[@CR90]\] using the NNPDF2.3LO PDF set \[[@CR91]\] and the A14 tune for the underlying event. Interference between the $\documentclass[12pt]{minimal}
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                \begin{document}$$Z/\gamma ^{*}$$\end{document}$ production is not included.

The simulated backgrounds consist of the production of *Z*+jets, *W*+jets, $\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t}$$\end{document}$ pairs, single top quarks and electroweak dibosons (*WW* / *WZ* / *ZZ*). These are modelled with several event generators as described below, while contributions from multi-jet production are estimated with data as described in Sect. [5](#Sec9){ref-type="sec"}.

Simulated samples of *Z*+jets events for the $\documentclass[12pt]{minimal}
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                \begin{document}$$\tau _{\mathrm {lep}}\tau _{\mathrm {had}}$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau _{\mathrm {had}}\tau _{\mathrm {had}}$$\end{document}$ channels and *W*+jets events for the $\documentclass[12pt]{minimal}
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                \begin{document}$$\tau _{\mathrm {lep}}\tau _{\mathrm {had}}$$\end{document}$ channel are produced using POWHEG-BOX v2 interfaced to PYTHIA 8.186 with the AZNLO tune. In this sample, PHOTOS++ v3.52 \[[@CR92], [@CR93]\] is used for final-state QED radiation. A dedicated *W*+jets sample binned in $\documentclass[12pt]{minimal}
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                \begin{document}$$p_{\text {T}} ^{W}$$\end{document}$, produced using the SHERPA 2.1.1 generator \[[@CR94]\], is used in the $\documentclass[12pt]{minimal}
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                \begin{document}$$\tau _{\mathrm {had}}\tau _{\mathrm {had}}$$\end{document}$ channel in order to enhance the number of events with high invariant mass. For this sample, matrix elements are calculated for up to two partons at next-to-leading order (NLO) and four partons at LO, merged with the SHERPA parton shower model using the ME+PS\@NLO prescription \[[@CR95]\]. Spin correlation effects between the *W* boson and its decay products are simulated with the TauSpinner program. All *W*/*Z*+jets samples use the CT10 PDF set and are normalized to the next-to-next-to-leading-order (NNLO) cross sections calculated using FEWZ \[[@CR96]--[@CR98]\].

The POWHEG-BOX v2 program with the CT10 PDF set is used for the generation of $\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t}$$\end{document}$ pairs and single top quarks in the *Wt*- and *s*-channels. Samples of *t*-channel single-top-quark events are produced with the POWHEG-BOX v1 generator employing the four-flavour scheme for the NLO matrix element calculations together with the fixed four-flavour scheme PDF set CT10f4; the top-quark decay is simulated with MadSpin \[[@CR99]\]. For all samples of top-quark production, the spin correlations are preserved and the parton shower, fragmentation and underlying event are simulated using PYTHIA 6.428 \[[@CR100]\] with the CTQ6L1 PDF set and the corresponding Perugia 2012 tune \[[@CR101]\]. Final-state QED radiation is simulated using PHOTOS++ v3.52. The top-quark mass is set to 172.5 $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\text {GeV}$$\end{document}$. The $\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t}$$\end{document}$ production sample is normalized to the NNLO cross section, including soft-gluon resummation to next-to-next-to-leading-logarithm accuracy (Ref. \[[@CR102]\] and references therein). The normalization of the single-top-quark event samples uses an approximate NNLO calculation from Refs. \[[@CR103]--[@CR105]\].

Finally, diboson processes are simulated using the SHERPA 2.1.1 program with the CT10 PDF. They are calculated for up to one additional parton at NLO, depending on the process, and up to three additional partons at LO. The diboson samples use the NLO cross sections SHERPA calculates.

The simulation of *b*- and *c*-hadron decays for all samples, excluding those generated with SHERPA, uses EvtGen v1.2.0 \[[@CR106]\]. All simulated samples include the effect of multiple proton-proton interactions in the same and neighbouring bunch crossings ("pile-up") by overlaying simulated minimum-bias events on each generated signal or background event. These minimum-bias events are generated with PYTHIA 8.186 \[[@CR90], [@CR100]\], using the A2 tune \[[@CR107]\] and the MSTW2008LO PDF \[[@CR108]\]. Each sample is simulated using the full GEANT4 \[[@CR109], [@CR110]\] simulation of the ATLAS detector, with the exception of the *b*-associated MSSM Higgs boson signal, for which the ATLFAST-II \[[@CR110], [@CR111]\] fast simulation framework is used. Finally, the Monte Carlo (MC) samples are processed through the same reconstruction software as for the data.

Object reconstruction and identification {#Sec3}
========================================

The primary vertex of each event is chosen as the proton?proton vertex candidate with the highest sum of the squared transverse momenta of all associated tracks. Electron candidates are reconstructed from energy deposits in the electromagnetic calorimeter associated with a charged-particle track measured in the inner detector. The final electron candidates are required to pass the "loose" likelihood-based identification selection \[[@CR112], [@CR113]\], to have a transverse energy $\documentclass[12pt]{minimal}
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                \begin{document}$$|\eta |<2.47$$\end{document}$. The transition region between the barrel and end-cap calorimeters ($\documentclass[12pt]{minimal}
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Signals in the detector can be used in more than one reconstructed object. Objects that have a geometric overlap are removed according to the following priorities:Jets within a $\documentclass[12pt]{minimal}
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Search channels {#Sec4}
===============
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Events must have at least one identified $\documentclass[12pt]{minimal}
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Di-tau mass reconstruction {#Sec8}
--------------------------

The di-tau mass reconstruction is critical in achieving good separation between signal and background. However, its reconstruction is challenging due to the presence of neutrinos from the $\documentclass[12pt]{minimal}
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Background estimation {#Sec9}
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The background processes can be categorized according to whether the electron/muon and/or the $\documentclass[12pt]{minimal}
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The dominant background process for the $\documentclass[12pt]{minimal}
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A same-sign validation region, enriched with events where at least one jet is misidentified as a $\documentclass[12pt]{minimal}
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Systematic uncertainties {#Sec12}
========================

The signal efficiency and the background estimates are affected by uncertainties associated with the detector simulation, the signal modelling and the data-driven background determination.

The integrated luminosity measurement has an uncertainty of 5 % and is used for all MC samples. Uncertainties related to the detector are included for all signal and backgrounds that are estimated using simulated samples. These uncertainties are also taken into account for simulated samples that are used in the derivation of data-driven background estimates. All instrumental systematic uncertainties arising from the reconstruction, identification and energy scale of $\documentclass[12pt]{minimal}
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Systematic uncertainties resulting from the data-driven background estimates are derived as follows. In the $\documentclass[12pt]{minimal}
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Theoretical cross-section uncertainties are considered for all backgrounds estimated using simulation. For *Z*+jets and diboson production, uncertainties of $\documentclass[12pt]{minimal}
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Uncertainties related to signal modelling are discussed in the following. Uncertainties due to the factorization and renormalization scale choices are estimated from the effect on the signal acceptance of doubling or halving these factors either coherently or oppositely. Uncertainties due to the initial- and final-state radiation, as well as multiple parton interaction for the signal are also taken into account. These uncertainties are estimated from the PYTHIA8 A14 tune \[[@CR61]\] for the *b*-associated production and the AZNLO PYTHIA8 tune \[[@CR60]\] for the gluon--gluon fusion production. The envelope of the variations resulting from the use of the alternative PDFs in the PDF4LHC15$\documentclass[12pt]{minimal}
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                \begin{document}$$\_$$\end{document}$100 \[[@CR127]\] set is used in order to estimate the PDF uncertainty for gluon--gluon fusion production. For the *b*-associated production uncertainty, a comparison among NNPDF30_nlo_as_0118_nf_4 \[[@CR127]\], CT14nlo_NF4 \[[@CR58]\], MSTW2008nlo68cl_nf4 \[[@CR128]\] and CT10_nlo_nf4 \[[@CR57]\] PDF sets is employed. Since no statistically significant effect on the shape of the reconstructed mass distribution is observed, each contribution is taken solely as a normalization uncertainty. The total uncertainty ranges between 15 and 25 %.

Results {#Sec13}
=======
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A search for neutral Higgs bosons of the minimal supersymmetric standard model (MSSM) and for a $\documentclass[12pt]{minimal}
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Throughout this paper the inclusion of charge-conjugate decay modes is implied.

ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point (IP) in the centre of the detector and the *z*-axis along the beam pipe. The *x*-axis points from the IP to the centre of the LHC ring, and the *y*-axis points upwards. Cylindrical coordinates $\documentclass[12pt]{minimal}
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The term "signal selection efficiency" refers to the fraction of signal events decaying to $\documentclass[12pt]{minimal}
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